gestation. In mammals, NT closure initiates at multiple sites referred to as 'closure points ', 65 with Closure 1 at the hindbrain/cervical boundary initiating cephalic and spinal neurulation.
66
Spinal NT formation involves a wave of 'zippering' that moves in a rostral-to-caudal 
86
The demonstration that extrinsic forces can prevent NT closure implies that sufficient forces 87 are normally generated to achieve closure. However, the nature of the cellular 'motor(s)' 
97
In silico simulations of amphibian embryos predict that mechanical tension within the surface 98 ectoderm and other tissues surrounding the NT serves to oppose neural fold apposition (13).
99
Indeed, tension within the non-neural ectoderm of amphibian embryos has repeatedly been 100 demonstrated by documenting immediate retraction (i.e. widening) of microsurgical incisions 101 or laser ablations (12, (21) (22) (23) 
Results

121
Neural fold midline apposition is opposed by tension within the surrounding tissues 122 We initially observed that progressive narrowing of the PNP is opposed by mechanical Figure 1G ).
134
To infer the mechanical stresses 'withstood' by the zippering point, two methods were 135 applied to map tissue displacement and relative change in dimension ('strain', ε) Caudal and lateral displacement of neuroepithelial and mesodermal cells is also apparent in 158 registered images ( Figure 2D ). Applying Improved DIC ( Figure 3A Figure 5B ).
215
In embryos at early somite stages with long PNPs, the cable could be over 0.5 mm in length, The caudal canthus of the late-stage PNP biomechanically facilitates neural fold apposition.
230
We refer to this novel caudal closure point as 'Closure 5' (cyan arrow in Figure 5C The findings of this study suggest that the cellular programmes underlying PNP 'narrowing,' 300 which is enhanced by apical constriction in the NMP zone, are likely to be distinct from those 
319
A limitation of the short-term interventions described here is that their consequences for 320 continuation of spinal closure could not be directly investigated. For this reason we studied 321 the Zic2 Ku/Ku mutant, a well-characterised genetic model in which homozygous mutants 322 develop spina bifida, whereas heterozygous embryos achieve closure in most cases (38). A 323 mechanical basis for spina bifida in the Zic Ku/Ku mutant had previously been suggested as 324 these embryos display neural folds that fail to bend towards the midline at dorsolateral hinge 325 points (6). We observed that the F-actin cable appeared fragmented in Zic2 Ku/Ku mutants,
326
which is consistent with a previous report that morpholino-mediated knockdown of Zic or mTmG mice (59). Cre-negative mice were used for studies requiring non-transgenic mice.
353
Zic2 Ku mutants and their genotyping were as previously described (6).
354
Embryo dissection and pharmacological treatment 356
Embryos were harvested around E9.5 as previously described (60). For whole mount, 357 embryos were dissected and rinsed in PBS prior to fixation in 4% paraformaldehyde, pH 7.4.
358
For LatB (Sigma) treatments, embryos were fully dissected from the amnion and pre-warmed The percentage change in 2D area of each Delaunay triangle in the 3D meshwork was then 423 calculated. Heat maps were generated in OriginPro 2016 (Origin Labs) as the aggregate of 424 data from three independent embryos in each group.
425
Strain maps were generated using three Cre drivers. Grhl3Cre is mosaic in the mesoderm and 426 neuroepithelium but ubiquitous in the surface ectoderm: strain maps generated using this This illustrates the caudal and lateral displacement (arrows) of cells following zippering point 652 (*) ablation relative to the zippering point (before ablation = cyan, after ablation = magenta).
653
The outline of the PNP is indicated by the white dashed line. Scale bar = 100 µm. 
